WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internallonal Patent Classification 6 : 



B21C 37/00, B21D 39/00, B32B 15/00, 
15/01, 15/04, 15/08, 3iy00, B05D 3/00, 
3/02, C22F 1/18 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/20647 

12 June 1997(12.06.97) 



(21) International Application Number: PCT/US96/18742 

(22) international Filing Date: 22 November 1996 (22.1 1.96) 



(30) Priority Data: 
08/568,530 
08/588.868 



7 December 1995 (07.12.95) US 
19 January 1996 (19.01 .96) US 



(71) Applicant: TICOMP. INC. [US/US]; 15130 South Sierra 

Bonila Lane, Chino. CA 91710 (US). 

(72) Inventor: KINGSTON. William, R.; 16154 Augusta, Chino 

Hills. CA 91709 (US), 

(74) Agents: FARAH, David. A. et al.; Sheldon & Mak. Inc.. 9th 
floor, 225 South Lake Avenue, Pasadena, CA 91101 (US). 



(81) Designated States: CN. JP, European patent (AT. BE. CH. DE. 
DK. ES, FI, FR. GB. GR. IE. YT. LU, MC. NL. FT. SE). 



Published 

With intematiomt search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Tide: BETA TITANIUM-FIBER REINFORCED COMPOSITE LAMINATES 
(57) Abstract 

A beta titanium-libcr 
reinforced composite laminate 
(10) comprising at least one layer 
of beta titanium alloy (16) and at 
least one layer of fiber reinforced 
composite (12). wheiein the 
layer of beta titanium alloy (16) 
has a yield strength to modulus 
of elasticity (hat is substantially 
similar to the strength to modulus 
of elasticity ratio of the fim layer 
of |]k>er reinforced composite (12). 

Also, a method of preparing a beta titanium-fiber reinforced composite laminate (10) comprising the steps of. first, providing a beta titanium 
alloy having a first yield strength to modulus of elasticity ratio; then, heating the beta titanium alloy at a fiist temperature for a first time 
to produce a beta titaniimi alloy (16) having a second yield strength to modulus of elasticity ratio; and then, adhering the fiber reinforced 
composite (12) having a strength to modulus of elasticity ratio to the beta titanium alloy (16) to produce a beta titanium-fik)er reinforced 
composite laminate (10); wherein the first temperature and the first time are such that the second yield strength to modulus of elasticity of 
the beta titanium alloy (16) is substantially similar to the strength to modulus of elasticity of the fiber reinforced composite (12). 
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BETA TXTANIX7M- FIBER REINFORCED COMPOSITE UOUNATES 



CROSS- REFERENCE TO RELATED APPLICATION 

The present Application is an international filing of 
United States Patent application 08/588,868 filed January 19, 
1996, entitled "BETA TITANIUM-REINFORCED COMPOSITE LAMINATES," 
5 which is a Continuation-in-Part of United States Patent 
Application 08/568,530 filed December 7, 1995, entitled 
"TITANIUM AND GRAPHITE FIBER COMPOS I TES « , which is a 
Continuation of United States Patent Application 08/139,091 
filed October 18, 1993, entitled "TITANIUM AND GRAPHITE FIBER 
10 COMPOSITES'*, now abandoned, the contents of which are 
incorporated herein by reference in their entirety. 

BACKGROUND 

Many industrial applications require materials that 
possess a combination of high strength, low weight and damage 

15 resistance- In order to meet these needs, both metals and 
metal -composite laminate materials are utilized. 

One application for materials possessing high 
strength, low weight and damage resistance are for the 
construction of parts for motor and human powered vehicles in 

20 order to provide satisfactory structural integrity and damage 
resistance, while increasing the range of the vehicle for a 
given amount of fuel or power. Such vehicles include 
automobiles, trucks, planes, trains, bicycles, motorcycles, and 
spacecraft. Other applications include golf clubs (both the 

25 shaft and the head), tubular structures such as softball bats, 
skis, and surf and snow boards. 

In order to meet the needs of the aerospace industry, 
for example, a number of metal-composite laminate materials have 
been developed to replace the metals traditionally used in the 

30 construction of aircraft primary structures. The problems with 
these composite materials, however, include a mismatch between 
the strength to modulus of elasticity ratio of the different 
layers. This mismatch causes various layers of the composite to 
fail under a specific amount of stress before other layers of 

35 the conposite, thereby underut ill zing the strength on the non- 
failing layers. Thus, currently used low weight metal -composite 
laminate materials do not use the maximum strength of various 
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layers for a given strain of the metal -composite laminate 
material . 

Hence, there is a need for high strength, lightweight 
materials for use in industrial applications, such as for parts 
5 of motor and human powered vehicles, among other uses. Further, 
there is a need for lightweight, metal -composite laminate 
materials which utilize the strength of all layers of the 
material to the fullest extent per given strain of the metal- 
composite laminate material. 

10 SUMMARY 

According to one aspect of the present invention, 
there is provided a method of preparing a beta titanium- fiber 
reinforced composite laminate comprising the steps of, first 
providing a beta titanium alloy having a surface with an area 

15 and having a first yield strength to modulus of elasticity 
ratio. Then, the beta titanium alloy is heated at a first 
preselected temperature for a first preselected time to produce 
a beta titanium alloy having a second yield strength to modulus 
of elasticity ratio. Next, a fiber reinforced composite layer 

20 having a strength to modulus of elasticity ratio is adhered to 
the beta titanium alloy to produce a beta titsmium- fiber 
reinforced composite laminate. The first preselected 
temperature and the first preselected time are preselected such 
that the second yield strength to modulus of elasticity ratio of 

25 the beta titanium alloy is substantially similar to the strength 
to modulus of elasticity ratio of the fiber reinforced 
composite * 

in a preferred embodiment, the method additionally 
comprises a step of coating the surface of the beta titanium 

30 alloy with a noble metal such as platinum to produce a coated 
beta titanium alloy after the providing step. In another 
preferred embodiment, the method additionally comprises a step 
of abrading the surface of the beta titanium alloy to increase 
the area of the surface after the providing step. In another 

35 preferred embodiment, the method additionally comprises a step 
of priming the surface with a primer after the heating step. 
According to another aspect of the present invention, there is 
provided a beta titanium- fiber reinforced composite laminate 
produced according to the method. 



2 



wo 97/20647 



PCTAJS96/18742 



According to still another aspect of the present 
invention, there is provided a beta titanium- fiber reinforced 
composite laminate comprising a first layer of beta titaniiam 
alloy having a surface and a first layer of fiber reinforced 
5 composite, wherein the first layer of beta titanium alloy has a 
yield strength to modulus of elasticity ratio that is 
substantially similar to the strength to modulus of elasticity 
ratio of the first layer of fiber reinforced composite . The 
surface of the beta titanium alloy can be coated with a noble 

10 metal such as platinum. The beta titanium- fiber reinforced 
composite laminate can also comprise a plurality of layers of 
beta titanium alloy, and, interspersed therebetween, at least 
one layer of fiber reinforced composite, wherein each layer of 
beta titanium alloy has a yield strength to modulus of 

15 elasticity ratio that is substantially similar to the strength 
to modulus of elasticity ratio of the at least one layer of the 
fiber reinforced composite. 

According to still another aspect of the present 
invention, there is provided a method of making an article of 

20 manufacture comprising the steps of, first preparing a beta 
titanium- fiber reinforced composite laminate according to the 
present invention. Then, the beta titanium- fiber reinforced 
composite laminate is incorporated into the article of 
manufacture. Examples of such articles of manufacture include a 

25 motor vehicle, a golf club, a softball bat, a ski, a surf board, 
a snow board and a container. 

According to still another aspect of the present 
invention, there is provided a method of preparing a metal- fiber 
reinforced composite laminate comprising the steps of, first, 

30 providing a metal having a surface with an area and having a 

first yield strength to modulus of elasticity ratio. Then, the 
metal is heated at a first preselected temperature for a first 
preselected time to produce a metal having a second yield 
strength to modulus of elasticity ratio* Next, a fiber 

35 reinforced composite having a strength to modulus of elasticity 
ratio is adhered to the metal to produce a metal -fiber 
reinforced composite laminate. The first preselected 
temperature and the first preselected time are preselected such 
that the second yield strength to modulus of elasticity ratio of 



3 



wo 97/20647 



PCT/US96/18742 



the metal is substantially similar to the strength to modulus of 
elasticity ratio of the fiber reinforced composite, and the 
metal has a second yield strength to modulus of elasticity ratio 
that is greater than about i%, 
5 FIGURES 

These features, aspects and advantages of the present 
invention will become better understood with regard to the 
following description and appended claims in the accompanying 
figures (not necessarily drawn to scale) where: 
10 Figure 1 is a side elevational view of a cross-section 

through a beta titanium- fiber reinforced composite laminate 
according to the present inventions- 
Figure 2 is a side elevational view of a cross-section 
through a beta titanium- fiber reinforced composite laminate 
15 according to another embodiment of the present invention; 

Figrure 3 is a side elevational view of a cross-section 
through a beta titanium- fiber reinforced composite laminate 
according to another embodiment of the present invention; 

Figure 4 is a side elevational view of a cross-section 
20 through a beta titanium- fiber reinforced composite laminate 
according to another embodiment of the present invention; 

Figure 5 is a flow diagram of one embodiment of the 
method according to the present invention; 

Figure 6 is a side elevational view of a cross- section 
25 through a hat section stiffener with beta titanium- fiber 
reinforced composite laminates according to the present 
invention bonded to the flange sections; and 

Figure 7 is a side elevational view of a cross -section 
through a beta titanium- fiber reinforced composite laminate 
30 according to another embodiment of the present invention. 

DESCRIPTION 

As disclosed herein, the present invention includes, 
among other embodiments, a beta titanium-fiber reinforced 
composite laminate, a method for making a beta titanium- fiber 
35 reinforced composite laminate, and structures comprising a beta 
titsinium- fiber reinforced composite laminate* Beta titanium- 
fiber reinforced composite laminates according to the present 
invention and laminates made according to the present invention 
advantageously have high strength to weight ratios, excellent 
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damage resistance, tend to be highly fatigue resistant and 
corrosion resistant and have excellent shock dampening 
characteristics, among other advantages as will be understood by 
those with skill in the art with reference to the disclosure 
5 herein. 

The beta titanium- fiber reinforced composite laminate 
of the present invention comprises at least a first layer of a 
beta titanium alloy having a surface. The layer of beta 
titanium alloy can be at least one beta titanium alloy selected 

10 from the group consisting of TIMETAL® 15-3 (Ti 15V-3Cr-3Al-3Sn) , 
BETA 21s® (Ti 15Mo-3Al-3Nb) , BETA C® (Ti 3Al-8V-6Cr-4Mo) and 
B120 VQh (Ti l3V-llCr-3Al) , though other beta titanium alloys 
can be used as will be understood by those with skill in the art 
with reference to the disclosure herein. In a preferred 

15 embodiment, the beta titanium alloy is TIMETAL® 15-3 (Ti 15V- 
3Cr-3Al-3Sn) (available from Titanium Metals Corporation, 
Toronto, OH) * 

The beta titanium- fiber reinforced composite laminate 
of the present invention further comprises at least one layer of 

20 a fiber reinforced composite- The fiber reinforced composite 

can be at least one fiber reinforced composite selected from the 
group consisting of graphite reinforced epoxies (such as 
HERCra^ES® IM7/8551-7 available from Hercules Advanced Materials 
and Systems Company, Magna, UT) , and S2 -glass reinforced epoxies 

25 (such as 3M SP 381, available from 3M Aerospace Materials 
Department, St. Paul, MN) , though other fiber reinforced 
composites can be used as will be understood by those with skill 
in the art with reference to the disclosure herein. In a 
preferred embodiment, the fiber reinforced composite is a 

30 graphite reinforced epoxy, Piberite IM7/977-3 (epoxy prepreg 
tape) (available from Piberite, Orange, CA) • 

The layer of beta titanium alloy is bonded to the 
layer of fiber reinforced composite, thereby producing a 
laminate structure. According to the present invention, the 

35 beta titanium alloy layer of the laminate has a yield strength 
to modulus of elasticity ratio that is substantially similar to 
the strength to modulus of elasticity ratio of the layer of 
fiber reinforced composite. This substantial matching of yield 
strength to modulus of elasticity ratio of the beta titanium 
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alloy layer with the strength to modulus of elasticity ratio of 
the fiber reinforced composite layer produces a lightweight, 
strong and damage -resistant material suitable for a wide range 
of uses. 

5 As used herein, "substantially similar" refers to 

within about 40% (forty percent) . In preferred embodiments of 
the present invention, the yield strength to modulus of 
elasticity ratio of the beta titanium alloy layer is within 
about 33% (thirty- three percent) of the strength to modulus of 

10 elasticity ratio of the fiber reinforced composite layer. In a 
particularly preferred embodiment, the yield strength to modulus 
of elasticity ratio of the beta titanium alloy layer is within 
about 10% (ten percent) of the strength to modulus of elasticity 
ratio of the fiber reinforced con?>osite layer. In a preferred 

15 embodiment, the design limitations of the fiber reinforced 

composite layer have a limit load that is less than the maximum 
design load, thus giving a usaODle strength to modulus ratio of 
about 1.2% that closely matches the yield strength to modulus of 
elasticity ratio of the beta titanium alloy layer. 

20 Referring now to Figure 1, there can be seen a side 

elevational view of a cross-section through a beta titanium- 
fiber reinforced composite laminate 10 according to the present 
invention, comprising a fiber reinforced composite layer 12 that 
is bonded directly to the surface 14 of the beta titanium alloy 

25 layer 16. 

Referring now to Figure 2, there can be seen a side 
elevational view of a cross-section through a beta titanium- 
fiber reinforced composite laminate 20 according to another 
embodiment of the present invention. While similar to the 

30 embodiment shown in Figure 1, this preferred embodiment 

includes a layer of a noble metal 18 bonded to the surface 14 of 
the beta titanium alloy layer 16, thereby creating a noble metal 
layer 18 between the surface 14 of the beta titanium alloy layer 
16 and the fiber reinforced composite layer 12. Suitable noble 

35 metals include at least one metal selected from the group 

consisting of gold, silver, and palladium, though other noble 
metals can also be suitable as will be understood by those with 
skill in the art with reference to the disclosure herein. In a 
particularly preferred embodiment, the noble metal is platinum 
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(available from Metal Surfaces, Bell Gardens, CA) . 

Referring now to Figure 3, there can be seen a side 
elevational view of a cross-section through a beta titanium- 
fiber reinforced composite laminate 30 according to another 
5 embodiment of the present invention. In this preferred 
embodiment, the beta titanium -fiber reinforced composite 
laminate 30 comprises a plurality of layers of beta titanium 
alloy 16 and, interspersed therebetween, at least one fiber 
reinforced composite layer 12. The embodiment shown in Figure 3 

10 comprises two fiber reinforced composite layers interspersed 
between three beta titanium alloy layers. Each beta titanium 
alloy layer 16 has a yield strength to modulus of elasticity 
ratio that is substantially similar to the strength to modulus 
of elasticity ratio of the at least one fiber reinforced 

15 composite layer 12 . 

The beta titanium alloy layers 16 can be at least one 
beta titanium alloy selected from the group consisting of 
TIMETAL® 15-3 (Ti 15V-3Cr-3Al-3Sn) , BETA 21s® (Ti 15Mo-3Al-3Nb) , 
BETA C® (Ti 3Al-8V-€Cr-4Mo) and B120 VGA (Ti 13V-llCr-3Al) , 

20 though other beta titanium alloys can be used as will be 

understood by those with skill in the art with reference to the 
disclosure herein. In a preferred embodiment, the beta titanium 
alloy is TIMETAL® 15-3 (Ti 15V-3Cr-3Al-3Sn) (available from 
Titanium Metals Corporation, Toronto, OH) . The plurality of 

25 layers of the beta titanium alloy 16 can comprise the same beta . 
titanium alloy or can comprise different beta titanium alloys . 
For example, one layer of the plurality of layers of beta 
titanium alloy can comprise BETA 21s® while another layer of the 
plurality of beta titanium alloy layers can comprise 

30 TIMETAL® 15-3. 

The at least one layer of fiber reinforced composite 
12 can be at least one fiber reinforced composite selected from 
the group consisting of graphite reinforced epoxies (such as 
HERCULES® IM7/85S1-7 available from Hercules Advanced Materials 

35 and Systems Company, Magna, XJT) , and S2-glass reinforced epoxies 
(such as 3M SP 381, available from 3M Aerospace Materials 
Department, St- Paul, MN) , though other fiber reinforced 
composites can be used as will be understood by those with skill 
in the art with reference to the disclosure herein. In a 
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preferred embodiment, the fiber reinforced composite is a 
graphite reinforced epoxy, Fiberite mi/977-2 (epoxy prepreg 
tape) (available from Fiberite, Orange, CA) . 

When more than one layer of fiber reinforced composite 
5 is present, the plurality of fiber reinforced composite layers 
12 can comprise the same fiber reinforced composite or can 
comprise different fiber reinforced composites. For example, one 
layer of the plurality of layers of fiber reinforced composite 
can comprise graphite reinforced epoxy while another layer of 

10 the plurality of fiber reinforced composite layers can comprise 
S2 -glass reinforced epoxy. 

Referring now to Figure 4, there can be seen a side 
elevational view of a cross-section through a beta titanium- 
fiber reinforced composite laminate 40 according to another 

15 embodiment of the present invention. While similar to the 
embodiment shown in Figure 3, this preferred embodiment 
includes a layer of a noble metal 18 bonded to each surface 14 
of each beta titanium alloy layer 16, thereby creating a noble 
metal layer 18 between each surface 14 of each beta titanium 

20 alloy layer 16 and each fiber reinforced composite layer 12. 
Suitable noble metals include at least one metal selected from 
the group consisting of gold, silver, and palladium, though 
other noble metals can also be suitable as will be understood by 
those with skill in the art with reference to the disclosure 

25 herein. In a particularly preferred embodiment, the noble metal 
is platinum (available from Metal Surfaces, Bell Gardens, CA) . 

According to another aspect of the present invention, 
there is provided a metihod of preparing a beta titanium- fiber 
reinforced composite laminate. Figure 5 is a flow diagram of 

30 one embodiment of the method according to the present invention. 
The method 100 comprises the step 110 of first 
providing a beta titanium alloy having a surface with an area 
and having a first yield strength to modulus of elasticity 
ratio. Next, the method comprises the step 120 of heating the 

35 beta titanium alloy at a first preselected temperature for a 

first preselected time to produce a beta titanium alloy having a 
second yield strength to modulus of elasticity ratio. Then, the 
method comprises the step 130 of adhering a fiber reinforced 
composite to the beta titanium alloy to produce a beta titanium- 
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fiber reinforced composite laminate. The fiber reinforced 
composite has a strength to modulus of elasticity ratio. The 
first preselected temperature and the first preselected time are 
preselected such that the second yield strength to modulus of 
5 elasticity ratio of the beta titanium alloy is substantially 
similar to the strength to modulus of elasticity ratio of the 
fiber reinforced composite. 

Suitable first preselected temperatures and suitable 
first preselected times can be determined by those with skill in 

10 the art with reference to the disclosure herein and will vary 
with the second yield strength to modulus of elasticity ratio 
desired. In a preferred embodiment, the first preselected 
temperature is between about 450**C and about 700'*C, and the first 
preselected time is between about eight hours and about sixteen 

15 hours. In a particularly preferred embodiment, the first 

preselected temperature is about SIO'^C, and the first preselected 
time is about eight hours . 

In another preferred embodiment , the method of 
preparing a beta titanium- fiber reinforced composite laminate 

20 additionally comprises the step 112 of abrading the surface of 
the beta titanium alloy after the providing step^ thereby 
increasing the surface area to allow greater bonding between the 
surface and a noble metal coating, or between the surface and an 
^ adhesive coating. 

25 In another preferred embodiment, the method of 

preparing the beta titanium- fiber reinforced composite laminate 
additionally comprises the step 114 of coating the surface of 
the beta titanium alloy with a noble metal to produce a coated 
beta titanium alloy after the providing step. The noble metal 

30 can be selected from a group consisting of gold, silver, and 
palladium, though other noble metals can also be suitable as 
will be understood by those with skill in the art with reference 
to the disclosure herein. In a preferred embodiment, the noble 
metal is platinum. 

35 Further, in another preferred embodiment, the method 

additionally comprises the step 122 of priming the surface with 
a primer after heating the beta titanium alloy. The primer can 
be selected from any suitable primer such as a low solid, high 
solvent epoxy glue, as will be understood by those with skill in 
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the art with reference to the disclosure herein. In a preferred 
embodiment, the primer is EC 3917 (available from 3M Aerospace 
Materials Department, St. Paul, MN) . 

In a preferred embodiment, the adhering step 130 
comprises applying an adhesive to the surface of the beta 
titanium alloy in order to bond the fiber reinforced composite 
layer to the beta titanium alloy layer. Suitable adhesives will 
be determined by the nature of the fiber reinforced composite. 
An example of a suitable adhesive is AF 191 (available from 3M 
Aerospace Materials Department, St • Paul, MN) . 

The adhering step 13 0 can also comprise heating the 
beta titanium alloy and the fiber reinforced composite at a 
second preselected temperature for a second preselected time in 
order to cure the laminate. Suitable second preselected 
temperatures and suitable second preselected times can be 
determined by those with skill in the art with reference to the 
disclosure herein. In a preferred embodiment, the second 
preselected temperature is between about ISO'^C and 200**C, and the 
second preselected time is between about 45 minutes and 90 
minutes. In a particularly preferred embodiment, the second 
preselected temperature is about 180*C and the second preselected 
time is about 70 minutes* 

Pressure can also be applied as part of the curing 
process to assist in creating the bond between the beta titanium 
alloy layer and the fiber reinforced composite layer. Suitable 
pressures can be determined by those with skill in the art with 
reference to the disclosure herein- In a preferred embodiment, 
the pressure is between about 30 and about 100 psi. 

Suitable beta titanium alloys and suitable fiber 
reinforced composites for use in the methods according to the 
present invention include the materials disclosed herein for the 
beta titanium- fiber reinforced composite laminates according to 
the present invention. 

According to another embodiment of the present 
invention, there is provided a method of making an article of 
manufacture or a part thereof. The method comprises preparing a 
beta titanium- fiber reinforced composite laminate according to 
the methods disclosed herein and incorporating the beta 
titanium- fiber reinforced composite laminate into an article of 
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manufacture or part. Articles of manufacture or parts thereof 
suitable for preparation by this method include articles of 
manufacture in which lightweight, high strength materials are 
needed. Examples of parts of articles of manufacture include 
5 parts of motor and non -motor vehicles (like automobiles, planes, 
trains, bicycles, motorcycles, and spacecraft) , such as I-beams, 
C-channels, hat section stiffeners, plates, facings for 
honeycomb sandwich panels, and tubes. Other suitable articles 
of manufacture include golf cltibs (both the shaft and the head) , 

10 tubular structures such as softball bats, skis, surf and snow 
boards, and cargo containers. 

The present invention further includes an article of 
manufacture, or a part thereof, which comprises a beta titanium- 
fiber reinforced composite laminate according to the present 

15 invention or a beta titanium-fiber reinforced composite laminate 
prepared according to a method of the present invention. The 
article of manufacture or part thereof comprises a beta 
titanium- fiber reinforced composite laminate having a first beta 
titanium alloy layer having a surface and a first fiber 

20 reinforced composite layer, where the first beta titanium alloy 
layer has a yield strength to modulus of elasticity ratio which 
is substantially similar to the strength to modulus of 
elasticity ratio of the first fiber reinforced composite layer. 
The article of manufacture or part thereof can further comprise 

25 a second beta titanium alloy layer such that the first fiber 
reinforced composite layer is between the first beta titanium 
alloy layer and the second beta titanium alloy layer. The 
second beta titanium alloy layer has a yield strength to modulus 
of elasticity ratio that is substantially similar to the 

30 strength to modulus of elasticity ratio of the first fiber 
reinforced composite layer. The surface of the first beta 
titanium alloy layer can be coated with a noble metal such that 
the noble metal is between the surface of the beta titanium 
alloy and the first fiber reinforced composite layer. In a 

35 preferred embodiment, the rioble metal is platinum. 

Figure 6 is a side elevational view of a cross -section 
through a hat section stiffener 70 as would be found in an 
aircraft with beta titanium-fiber reinforced composite laminates 
72 according to the present invention bonded to the flange 
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sections 74 . 

According to another aspect of the present invention, 
there is provided a method of preparing a metal- fiber reinforced 
composite laminate- The method comprises steps of first 
5 providing a metal having a surface with an area and having a 
first yield strength to modulus of elasticity ratio. Next, the 
metal is heated at a first preselected temperature for a first 
preselected time to produce a metal having a second yield 
strength to modulus of elasticity ratio. Then, a fiber 

10 reinforced composite having a strength to modulus of elasticity 
ratio is adhered to the metal to produce a metal -fiber 
reinforced composite laminate. The first preselected 
temperature and the first preselected time are preselected such 
that the second yield strength to modulus of elasticity ratio of 

15 the metal is substantially similar to the strength to modulus of 
elasticity ratio of the fiber reinforced composite. The metal 
has a second yield strength to modulus of elasticity ratio that 
is greater than about 1.2%. In a preferred embodiment, the 
metal has a second yield strength to modulus of elasticity ratio 

20 that is greater than about 1.0%, 

EXAMPT^R 1 
METHOD FOR PREPARTWQ A 
BETA TITANIUM- FIBER REINFORCED rnMPn STTE LAMINATE AMD 
BETA TITANIT7M-FTBER REINFORrED rOM PQSTTE lAMTWATF. 
25 PRODUCED ACCQRDTNP, TO TWP METWnp 

A beta titanium- fiber reinforced composite laminate 
according to the present invention was prepared by the method 
for preparing a beta titanium- fiber reinforced composite 
laminate according to the present invention as follows. First, 
30 a coil of 0.020 inch gauge TIMETAL® 15-3 (Ti 15V-3Cr-3Al-3Sn) 
(available from Titanium Metals Corporation, Toronto, OH) beta 
titanium alloy was provided. These beta titanium alloy sheets 
had a first yield strength to modulus of elasticity ratio of 
about 1.1%. Next, the coil was rolled to O.OlO inch gauge 
35 according to methods well known to those with skill in the art 
and cut into individual sheets of approximately 24 inches by 24 
inches . 

While not essential, at least one. surf ace of each of 
the beta titanium alloy sheets was sandblasted to increase the 
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surface area according to techniques well knovm to those with 
skill in the art. Next, a layer of platinum was applied to the 
sandblasted surfaces of the sheets through an electroless 
process according to techniques well known to those with skill 
5 in the art, creating platinum coated, beta titanium alloy 
sheets . 

Then, the platinum coated, beta titanium alloy sheets 
were age -hardened by heating at a preselected temperature of 
510**C for a preselected time of eight hours in a vacuum chamber. 

10 This heating resulted in hardened, platinum coated, beta 

titanium alloy sheets having a second yield strength to modulus 
of elasticity ratio 1«2%. Besides changing the yield strength 
to modulus of elasticity ratio, the heating also caused the 
removal of titanium oxide from the surfaces of the sheets, 

15 thereby improving the adherence of the platinum to the surfaces. 
While not essential, the hardened, platinum coated, 
beta titanium alloy sheets were primed by spraying EC 3 917 
(available from 3M Aerospace Materials Department, St. Paul, 
MN) . The primed, hardened, platinum coated, beta titanium alloy 

20 sheets were allowed to air dry for about one hour and then cured 
for a predetermined time of about one hour at a predetermined 
temperature of about 120**C, 

Fiber reinforced composite layers were then added to 
the primed, hardened, platinum coated, beta titanium alloy 

25 sheets to create beta titanium- fiber reinforced composite 
laminates according to the present invention. Each fiber 
reinforced composite layer contained six plies of IM7/977-3 
(epoxy prepreg tape) (available from Fiberite, Orange, CA> 
having a thickness of approximately 0.0052 inches, for a total 

30 thickness of approximately 0.031 inches per layer. All of the 
IM/977-3 were applied along the length or along the direction 
intended to carry most of the load. Although not essential, a 
glue, AF 191 (available from 3M Aerospace Materials Department, 
St. Paul), was utilized to secure the IM7/977-3 to the titanium 

35 sheets. The laminates were then cured in a flat press at 100 
psi and 180*C for one hour and cooled to room temperature while 
maintaining 100 psi pressure. The total thickness of the beta 
titanium- fiber reinforced composite laminate, including two 
layers of beta titanium alloy, three layers of fiber reinforced 
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composite and adhesive was about 0.10 inches. 

Referring now to Figure 7, there is shown a side 
elevational view of a cross -section through the beta titanium- 
fiber reinforced composite laminate 50 produced according to 
5 this Example. As can be seen, the laminate 50 comprises three 
layers of beta titanium alloy 52, each layer having a platinum 
coating 54 thereon. Interspersed between the three layers of 
beta titanium alloy 52 are two layers 56 of carbon fiber prepreg 
tape, IM7/977-3, each layer comprising six plies of carbon fiber 
10 prepreg tape. Between each platinum coating 54 on the beta 

titanium alloy layers 52 and the IM7/977-3 layers 56 was a layer 
of EC 3917 primer 58 and a layer of AP 191 adhesive 60, as 
shovm. 

Although the present invention has been described in 
15 considerable detail with reference to certain preferred 
embodiments thereof, other embodiments are possible. For 
example, beta titanium-f iber reinforced composite laminates of 
the present invention can be utilized to construct sandwich 
panels which comprise beta titanium- fiber reinforced composite 
20 laminates according to the present invention on either side of a 
separating structure such as honeycomb (available from Advanced 
Honeycomb, San Marcos, CA) . Therefore, the spirit and scope of 
the appended claims should not be limited to the description of 
the preferred embodiments contained herein. 
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I CIiAIH: 

1. A method of preparing a beta titanium-fiber 
reinforced composite laminate comprising the steps of: 

(a) providing a beta titanium alloy having a surface with 
5 an area and having a first yield strength to modulus of 

elasticity ratio; 

(b) heating the beta titanium alloy at a first temperature 
for a first time to produce a beta titanium alloy having a 
second yield strength to modulus of elasticity ratio; and 

10 (c) adhering a fiber reinforced composite having a 

strength to modulus of elasticity ratio to the beta titanium 
alloy to produce a beta titanium- fiber reinforced composite 
laminate; 

wherein the first temperature and the first time are 
15 such that the second yield strength to modulus of elasticity 

ratio of the beta titanium alloy is substantially similar to the 
strength to modulus of elasticity ratio of the fiber reinforced 
composite. 

2. The method of claim 1, additionally comprising a 
20 step of coating the surface of the beta titanium alloy with a 

noble metal to produce a coated beta titanium alloy after the 
providing step (a) . 

3 . The method of claim 2 , wherein the noble metal is 

platinum. 

25 4. The method of claim 1, additionally comprising a 

step of abrading the surface of the beta titanium alloy to 
increase the area of the surface after the providing step (a) . 

5. The method of claim 1, additionally comprising a 
step of priming the surface with a primer after the heating step 

30 (b) . 

6. The method of claim 5, wherein the primer is a 
low solid, high solvent epoxy glue. 

7. The method of claim 1, wherein the adhering step 
(c) comprises applying an adhesive to the surface of the beta 

35 titanium alloy. 

8. The method of claim 1, wherein the adhesive in the 
adhering step is AF 191* 

9 . The method of claim 1 , wherein the adhering step 
(c) comprises heating the beta titanium alloy and the fiber 
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reinforced composite at a second temperature for a second time. 

10. The method of claim 1, wherein the beta titanium 
alloy provided in step (a) is selected from the group consisting 
of {Ti 15V-3Cr-3Al-3Sn) , (Ti 15Mo-3Al-3Nb) , (Ti 3Al-8V-6Cr-4Mo) 

5 and(Ti 13V-llCr-3Al) . 

11. The method of claim 1, wherein the fiber 
reinforced composite of step (c) is selected from the group 
consisting of graphite reinforced epoxies and S2 -glass 
reinforced epoxies. 

10 12. The method of claim 1, wherein the first 

temperature of step (b) is approximately 510**C and the first time 

of step (b) is approximately 8 hours. 

13. The method of claim l, wherein the second yield 

strength to modulus of elasticity ratio of the beta titanium 
15 alloy produced by step (b) is within about 4 0% of the strength 

to modulus of elasticity ratio of the fiber reinforced composite 

of step (c) . 

14* The method of claim 1, wherein the second yield 
strength to modulus of elasticity ratio of the beta titanium 
20 alloy produced by step (b) is within about 10% of the strength 
to modulus of elasticity ratio of the fiber reinforced composite 
of step (c) . 

15. A beta titanium- fiber reinforced composite 
laminate produced according to a method comprising the steps of : 
25 (a) providing a beta titanium alloy having a surface with 

an area and having a first yield strength to modulus of 
elasticity ratio; 

(b) heating the beta titanium alloy at a first preselected 
temperature for a first preselected time to produce a beta 

30 titanium alloy having a second yield strength to modulus of 
elasticity ratio; and 

(c) adhering a fiber reinforced composite having a 
strength to modulus of elasticity ratio to the beta titanium 
alloy to produce a beta titanium- fiber reinforced composite 

35 laminate; 

wherein the first preselected temperature and the 
first preselected time are preselected such that the second 
yield strength to modulus of elasticity ratio of the beta 
titanium alloy is substantially similar to the strength to 
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modulus of elasticity ratio of the fiber reinforced composite. 

16. A beta titanium- fiber reinforced composite 
laminate comprising a first layer of beta titanium alloy having 
a surface and a first layer of fiber reinforced composite, 

5 wherein the first layer of beta titanium alloy has a yield 
strength to modulus of elasticity ratio that is substantially 
similar to the strength to modulus of elasticity ratio of the 
first layer of fiber reinforced composite. 

17. The beta titanium-fiber reinforced composite 

10 laminate of claim 16, wherein the fiber reinforced composite is 
adjacent the surface of the beta titanium alloy. 

18. The beta titanium- fiber reinforced composite 
laminate of claim 16, wherein the surface of the beta titanium 
alloy is coated with a noble metal. 

15 19. The beta titanium- fiber reinforced composite 

laminate of claim 18, wherein the fiber reinforced composite is 
adjacent the surface coated with noble metal. 

20. The beta titanium- fiber reinforced composite 
laminate of claim 16, wherein the surface of the beta titanium 

20 alloy is coated with platinum. 

21. The beta titanium- fiber reinforced conqposite 
laminate of claim 16, further comprising a second layer of beta 
titanium alloy having a surface such that the first layer of 
fiber reinforced composite is between the surface of the first 

25 layer of beta titanium alloy and the surface of the second layer 
of beta titanium alloy, wherein the second layer of beta 
titanium alloy has a yield strength to modulus of elasticity 
ratio that is substantially similar to the strength to modulus 
of elasticity ratio of the first fiber reinforced composite 

30 layer. 

22. The beta titanium- fiber reinforced composite 
laminate of claim 16, wherein the beta titanium alloy is 
selected from the group consisting of (Ti 15V-3Cr-3Al-3Sn) , (Ti 
15Mo-3Al-3Nb) , (Ti 3Al-8V-6Cr-4Mo) and(Ti 13V-llCr-3Al) . 

35 23. The beta titanium- fiber reinforced composite 

laminate of claim 16, wherein the fiber reinforced composite is 
selected from the group consisting of graphite reinforced 
epoxles and S2-glass reinforced epoxies. 

24. A beta titanium- fiber reinforced composite 
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laminate comprising a plurality of layers of beta titanium 
alloy, and, interspersed therebetween, at least one layer of 
fiber reinforced composite, wherein each layer of beta titanium 
alloy has a yield strength to modulus of elasticity ratio that 
5 is substantially similar to the strength to modulus of 
elasticity ratio of the at least one layer of the fiber 
reinforced composite. 

25. The beta titanium- fiber reinforced composite 
laminate of claim 24, wherein a layer of a noble metal is 

10 interspersed between each layer of beta titanium alloy and each 
layer of fiber reinforced composite. 

26. The beta titanium- fiber reinforced composite 
laminate of claim 24, wherein a layer of platinum is 
interspersed between each layer of beta titanium alloy and each 

15 layer of fiber reinforced composite. 

27. The beta titanium- fiber reinforced composite 
laminate of claim 24, wherein the beta titanium alloy is 
selected from the group consisting of (Ti 15V-3Cr-3Al-3Sn) , (Ti 
15Mo-3Al-3Nb) , (Ti 3Al-8V-6Cr-4Mo) and(Ti 13V-llCr-3Al) . 

20 28. The beta titanium- fiber reinforced composite 

laminate of claim 24, wherein the layer of fiber reinforced 
composite is selected from the group consisting of graphite 
reinforced epoxies and S2 -glass reinforced epoxies. 

29. A method of making an article of mcuiufacture, 

25 comprising the steps of: 

(i) preparing a beta titanium- fiber reinforced composite 
laminate according to the method of claim 1; and 

(ii) incorporating the beta titanium- fiber reinforced 
composite laminate into the article of manufacture. 

30 30. The method of making an article of manufacture of 

claim 29, wherein the article of manufacture of step (ii) is 
selected from the group consisting of a motor vehicle, a golf 
club, a Softball bat, a ski, a surf board, a snow board and a 
container . 

35 31. The method of making an article of manufacture of 

claim 30, wherein the article of manufacture of step (ii) is a 
motor vehicle part. 

32. An article of manufacture or a part thereof 
comprising a beta titanium -fiber reinforced composite laminate 
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having a first layer of beta titanium alloy having a surface and 
a first layer of fiber reinforced composite^ wherein the first 
layer of beta titanium alloy has a yield strength to modulus of 
elasticity ratio that is substantially similar to the strength 
5 to modulus of elasticity ratio of the first layer fiber 
reinforced composite . 

33. The article of manufacture or part thereof of 
claim 32 further comprising a second layer of beta titanium 
alloy such that the first layer of fiber reinforced composite is 

10 between the first layer of beta titanium alloy and the second 
layer of beta titanium alloy, wherein the second layer of beta 
titanium alloy has a yield strength to modulus of elasticity 
ratio that is substantially similar to the strength to modulus 
of elasticity ratio of the first layer of fiber reinforced 

IS composite . 

34. The article of manufacture or part thereof of 
claim 22, wherein the surface of the first layer of beta 
titanium alloy is coated with a noble metal such that the noble 
metal is between the surface of the beta titanium alloy and the 

20 first layer of fiber reinforced composite. 

35. The article of manufacture or part thereof of 
claim 32, wherein the surface of the first layer of beta 
titanium alloy is coated with platinum such that the platinum is 
between the surface of the beta titanium alloy and the first 

25 layer of fiber reinforced composite. 

36. The article of manufacture or part thereof of 
claim 32, wherein the fiber reinforced composite is adjacent the 
surface of the beta t:itanium alloy. 

37. A method of preparing a metal-fiber reinforced 
30 composite laminate comprising the steps of: 

(a) providing a metal having a surface with an area and 
having a first yield strength to modulus of elasticity ratio ; 

(b) heating the menal at a first temperature for a first 
time to produce a metal having a second yield strength to 

35 modulus of elasticity ratio; and 

(c) adhering a fiber reinforced composite having a 
strength to modulus of elasticity ratio to the metal to produce 
a metal- fiber reinforced composite laminate; 

wherein the first temperature and the first time are 
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such that the second yield strength to modulus of elasticity 
ratio of the metal is substantially similar to the strength to 
modulus of elasticity ratio of the fiber reinforced composite; 
and 

5 wherein the metal has a second yield strength to 

modulus of elasticity ratio that is greater than about 1,2%. 

38, A metal -fiber reinforced composite laminate 
produced according to a method comprising the steps of: 

(a) providing a metal having a surface with an area and 
10 having a first yield strength to modulus of elasticity ratio; 

(b) heating the metal at a first preselected temperature 
for a first preselected time to produce a metal having a second 
yield strength to modulus of elasticity ratio; and 

(c) adhering a fiber reinforced composite having a 

15 strength to modulus of elasticity ratio to the metal to produce 
a metal- fiber reinforced composite laminate; 

wherein the first preselected temperature and the 
first preselected time are preselected such that the second 
yield strength to modulus of elasticity ratio of the metal is 
20 substantially similar to the strength to modulus of elasticity 
ratio of the fiber reinforced composite; and 

wherein the metal has a second yield strength to 
modulus of elasticity ratio that is greater than about 1.2%. 
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WITH A NOBLE METAL 
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ALLOY AT A FIRST PRESELECTED 

TEMPERATURE FOR A FIRST 
PRESELECTED TIME TO PRODUCE 
A BETA TITANIUM ALLOY HAVING 
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